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                   Abstract        

Sunflower is considered as second most essential oilseed crop. Its importance is increasing due 

to its high nutritive value. In Pakistan there is a shortage of high yielding sunflower hybrids. 

Hybrids are more important than varieties due to their superior characters. Hybrids are made by 

crossing the inbred lines with restorers. Existence of variation is very important for the traits like 

achene yield. For heterosis good combiners must be there. Sunflower is a crop in which heterosis 

has been much exploited for the better seed yield. In a systematic breeding programme, it is 

essential to identify superior parents for hybridization and crossed to expand the genetic 

variability for selection of superior genotypes. Present study is carried out to find out the basis 

of genetic variation in the sunflower hybrid. So that in future we can use this to develop a good 

hybrid with better achene yield.  
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INTRODUCTION  

Sunflower (Helianthus annuus L.) is associate with the family Asteraceae. Instigation of 

sunflower is in eastern North America. As an oilseed crop sunflower is a tremendously 

imperative oilseed crop which is grown all over the world to obtain vegetable oil and as an 

cultivated crop it occupies 21 million hectares area worldwide (Wani et al., 2010). It contains 

35-55 % oil contents (Siddiqi et al., 2012). Soybean attains the first number in the world and 

sunflower (Helianthus annuus L.) is at second as an essential oilseed crop. There is a shortage 

of quality edible oil in Pakistan. We are obtaining 60% oil from Cotton, 18% from Sunflower 

and remaining from Brassica. We are importing 70% of oil for our requirements, which is 2.205 

million tons and we are expending 136 billion rupees on this (Govt. of Pakistan, 2015-16). 

Sunflower has its own rank as a non-traditional crop and high yield has been obtained from its 

cultivars as compared to other crops. It comprises a high amount of decent quality of edible oil 

and it is best fit for our local cropping pattern, it has obtained the status of a potential crop 

which can lessen the gap among the whole necessities and the internal production of edible oil 

in our country. As concern about the deficits in respect of increasing the area under cultivation 

of sunflower in our country, most significant flaw is that, locally developed and adopted 

varieties/hybrids of are not available. Nearly all the seed of our requirement is obtained or 

imported from private seed companies and we do not have our locally developed varieties; as 

a result of which, the potential yield is not attained. Additionally, the threats of new insect pests 

and fungal diseases are always expected from the imported seed. Hence, its quality and yield 

in Pakistan is very low if we compare it with other sunflower growing countries. Sunflower 

hybrid is high yielding as compared to normal sunflower which make it distinctive from others 

and because it is a cross pollinated crop it has a high heterotic value. (Karasu et al., 2010). The 

major agenda in sunflower hybrid breeding is to get the advantage from use of heterosis (Kaya, 

2005). Confined genetic base of germplasm has a significant role to achieve a high yielding 

hybrid. Heterosis application has allowed sunflower to improve its status as one of the most 

significant oilseed in our country. We can consume the heterosis well to attain better seed yield 

in sunflower.   
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Genetics of achene yield and related traits: 

Gangappa et al. (1997) completed an inquiry in sunflower on combing ability to evaluate 

the direction and extent of six CMS lines and twelve restorer lines. This inquiry exposed about the 

genes of earliness in the parental lines RHA-284, RHA99RTNBr, RFIA-299 and CMS-BO2. 

Results for days to 50 percent flowering was shown best by the hybrid CMS-852 x RFIA-

99RTNBr. The lines CMS-8S2 and CMS-2O7 and the testers RHA-2l4Br and RFIA-6D-5-3-6 

proposed to be used in the further breeding programme to get higher yield due to their better 

performance for greater seed yield. The hybrids CMS-234 x RHA284 and CMS-3O2 x RFIA-273 

were recognized to be the finest mixtures for achene yield, correspondingly. Non-additive and 

additive gene actions recognized equally to control all the parameters with the preponderance of 

the latter. 

Ansaril et al. (1999) worked for the evaluation of the heterosis and heterobeltiosis in 9 

hybrids for different characters. The parents and hybrids showed significantly different results for 

many yield related traits. HO-lA × RHP-44 and CMS-232 × RHA-229 showed the positive 

heterosis and heterobeltiosis for head diameter, seed weight and seed yield. These crosses were 

suggested to further use in the breeding programs. 

Sassikumar et al. (1999) believed that sunflower is not attaining its goal in respect of yield 

in spite of its dominance in all features among oilseed crops. This reason is due to insufficiency of 

hybrids, absence of self-fertile line, non-existence of varieties which have high yield potential and 

inappropriate seed filling. To improve these difficulties, study on combining ability has been 

constructed to make superior hybrids. Combining ability for yield and its features in sunflower 

(Helianthus annuus L.) was planned in the crosses attained through Line x Tester fashion by means 

of 14 restorers and four CMS lines. The specific combining ability and general combining ability 

variances specified the prevalence of non-additive gene action for all the characters under 

consideration. Between the parental material, 343 B, M-140 and CMS PET-2 presented great 

percentage and values for 100 achene weight, seed yield per plant and head diameter. The parents 

BLC178, CMS PET-2 and CMS PF were establish to be the good general combiners for maximum 

number of traits. The cross combinations CMS PET-2 x RHA-RR-1, CMS I x BLC 178 and CMSF 

x RLC215 showed significant and positive sca effects for numerous character particularly for key 

characters which are responsible for seed yield per plant. 
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Ashok et al. (2000) planned a research. The parental material comprised of 4 CMS lines 

(62 A, 336 A, 290 A and 338 A) and 10 testers namely. The parental lines were mated in a line × 

tester plan to produce 40 crosses. Study on combining ability exposed the prevalence of action of 

additive gene in the heritage of all characters examined (days to 50% flowering, plant height, days 

to maturity, yield/plant, thickness of the stem and harvest index) excluding 100-seed weight. The 

lines 338 A, RHA 855, RHA 299 and RHA 273 depicted best general combining ability and 

performance and proved as best general combiner. From crosses 338 A × RHA 855 and 338 A × 

RHA 296 were declared to be the finest specific combiners on the behalf of their specific 

combining ability, heterosis and performance.  

Laureti and Gatto, (2001) Judged as a whole 245 test cross progenies which were acquired 

by crossing restorer (RHA) lines and cytoplasmic male sterile (CMS) lines were in replications. 

General combining ability (GCA) and specific combining ability (SCA) of the lines was estimated 

to detect genotypes appropriate to be used as male in breeding procedures and to judge the abilities 

of hybrids. The results acquired were used to create test crosses to be estimated. The GCA and 

SCA of CMS lines and restorers were approximately at all times significant for all the traits under 

consideration when lines were haphazardly taken. After choosing the testers they were used on the 

behalf of their results, GCA of CMS lines and the SCA of RHA lines showed non-significant 

results for achene yield, but showed significant results for the left over traits. The best GCA 

evaluations for RHA were frequently greater than those of CMS, representing that choice of RHA 

could be more beneficial as compared to CMS. As estimated, GCA was all the time inferior than 

SCA. RHA and CMS, with extraordinary variance among their test crosses for yield traits and 

numerous other related traits, could be better to use as testers. The dearth of a tester with greater 

variance in all traits needs more than one tester in assessing the lines. A line with respect to its 

GCA can alter in purpose of the germplasm from which it is united. 

Khan (2004) performed a project to find the effect of heterosis on yield components of 

sunflower. 10 inbreed lines and their 9 crosses were evaluated. Analysis showed high significant 

difference among the inbreed lines for all the traits such as seed, weight, per plant, 1000-seed 

weight, head weight per plant etc. apart from weight of filled seeds per head was non-significant. 

Difference for head weight per plant was non-significant among the hybrids while significant 

results were shown for further traits. TS-17 × TR-20, TS-18 × TR-120 and TS-4 ×TS-11 revealed 
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the upper level of heterosis for all the traits. Mean performances were calculated and these were 

higher for load of complete achene per head, seed weight per head and 1000-achene weight among 

the mentioned hybrids as compared to other hybrids. These hybrids and their parents were 

recommended on the basis of their heterotic values and mean values for further use in breeding 

program.  

Kaya, 2005 depicted that enhancing the seed yield is the topmost main concern of majority 

of sunflower breeding procedures. Receiving advantage from the utilization of heterosis is the 

foremost objective in hybrid breeding of sunflower. The goals of this project were to conclude the 

recital of sunflower varieties so that vigor of hybrids of this crop can be judged. Hybrids of 

sunflower were assessed for vital four yield constituents, yield standard, presentation and 

consistent heterosis and heterobeltiosis. Based on interpretations in this investigation, achene yield 

of hybrids was altered among 37 and 245 kg ha-1. The maximum average heterosis (21.2%) was 

figured out for achene yield. The lowermost mid parent heterosis (–19.3%) and better parent 

heterosis (-22.4%) were detected for hull amount. Concerning about the deliberated characters, 

furthermost advantageous presentations were revealed by the cross 2453-A × 2644-R. Between 

the inbred lines, the male 2644-R and the female 2453-A displayed advanced hybrid potency as 

compared to the others. 

Kaya, 2005 assessed 4 imperative yield constituents in sunflower hybrid via combining 

ability. There were 3 replications with an investigational plan which was randomized complete 

block design. Depending upon the results of specific combining ability (SCA) investigation, the 

cross 2453-A x 2644-R was declared as the appropriate hybrid in the research. The female inbred 

lines 0704-A and 2453-A and from the male lines 2644-R and R-1001 had greater achene yield in 

this trial. Amid the parental genotypes, 2644-R male and the 2453-A female depicted the greatest 

GCA (general combining ability) and SCA effects which were concluded after the results of the 4 

yield characters in the research. Furthermore, the R-1001 lines and HA89- A were elected too to 

check combining ability by means of 2 testers for both male and female inbred lines in the 

upcoming breeding plans. 

Devi et al. (2005) planned the investigation of combining ability and heterosis by line x 

tester method by considerable variation between the nominated inbred lines were showed due to 

significant mean square values because of males and females for numerous characters. A general 
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assessment of GCA effects of parental material for diverse traits exposed that from testers 2lR and 

the lines 9A, 5A and l0A were considered to be the best general combiners for most of the yield 

constituents as well as achene yield. Additionally detected that the achene yield and its constituents 

are administered chiefly through non-additive gene act. The hybrids l0A x 2lR, 5A x 22R and 9AK 

x 21 R were considered to stay superior and displayed maximum SCA effects and heterosis. Most 

of the heterotic crosses included parental material with high x low GCA or low x low GCA effects. 

This proposes that only best performing general combiner in the cross blend will produce high 

performing specific combinations. 

Hladni et al. (2006) supposed that to create the new stable sunflower hybrids and high-

yielding depended on hybridization within the species needs evidence on the heterotic properties 

for agronomically imperative parameters in the F1 progeny. Heterotic properties for height of plant, 

head thickness and seed yield were deliberated in interspecifically developed hybrids of sunflower 

established by the line x tester technique. The female inbred lines were established by doing 

hybridization between the species, whereas the male restorer inbreds comprised noble combining 

abilities were utilized as testers to restore the fertility. F1 progeny were attained by the mating of 

each female inbred with each male tester. The inbred lines and their F1 progeny varied significantly 

in their mean values of the characters which were examined. Heterotic values for achene yield per 

plant were positive and extremely significant comparative to both the better parent and parental 

mean. Plant height in relation to their better parent and parental mean exhibited low heterosis.  

Through head thickness, the heterotic result fluctuated from 7.8 to 36.6% (better parent) and 19.0 

to 55.6% (parental mean). The consequences of this research may be further used for the 

production of stable sunflower hybrids and new high-yielding varieties depending on interspecific 

hybridization. 

 Habib et al. (2006) conducted the research to develop the 84 hybrids with great vigor. 

Plants with their parents were evaluated for different traits. They showed the significant 

differences for the complete traits. ORI-3 × RL-83 and ORI-3 × RL-77 offered higher mid parent 

heterosis and heterobeltiosis for wideness of stem and 100 achene weight. Furthermore ORI-47 × 

RL-69, ORI-6 ×RL-27, ORI-20 × RL-77 and ORI-29 × RL-84 offered the better heterosis and 

heterobeltiosis for quantity of achenes per head, oil yield, plant height, and  head diameter. Thus 

the above mentioned crosses can be used for more breeding events.   
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Hlandi et al. (2007) said that significant manifestation of heterosis for agronomically 

important traits is the main precondition for obtaining productive sunflower hybrids. Development 

of high-yielding and stable sunflower hybrids based on interspecific hybridization requires 

knowledge of heterotic effects occurring in the F1 generation. Heterosis for seed yield per plant, 

total seed number per head and 1,000-seed weight was studied in interspecific hybrids obtained by 

the line × tester method. The seven female inbred lines used in the study had been developed by 

interspecific hybridization, while the three male restorer inbreds with good combining abilities 

were used as testers in the form of fertility restorers. Twenty-one F1 hybrids were obtained by 

crossing each tester with each female inbred line. A trial with the lines and F1 hybrids was set up 

using a randomized block design with three replications. Study found significant differences in the 

mean values of all the traits under investigation. Heterosis values for seed yield were positive and 

highly significant relative to parental average (98.4-274.1%) as well as better parent (55.8-

223.2%). Considerably less heterosis was found for total seed number per head (69.6-203.7%) 

relative to parental average and better parent (47.6-183.3%). With 1,000-seed mass, the values 

ranged between 26.5% and 48.8% relative to parental average and from -42.4% to 30.9% relative 

to better parent. This study could prove useful in the development of new high-yielding sunflower 

hybrids based on interspecific hybridization. 

Khan et al. (2008) done investigation on five female inbred lines and five male lines of 

sunflower crop in line x tester technique to conclude the degree of combining ability and style of 

gene action. The characters which were decided to study were 1000-achene weight, days to 50% 

flowering, days to maturity, number of achenes head-1, achene yield. The effects of combining 

abilities were imperative for all factors. The SCA effects were of superior degree than GCA effects, 

which offered inordinate expression of non-additive gene actions. The GCA: SCA relation also 

uncovered preponderance of non-additive gene effects. Demonstration of TR-13 and TR-5 

between the restorers and TS-335 and TS-18 between the CMS was superior for majority of the 

traits under study. CMS inbred lines TS-335 and TS-4 and restorer TR-6023 and TR-5 depicted 

the superior general combining ability for majority of the traits. From all the crosses not even a 

lone hybrid or cross combination displayed reliable auspicious conclusions for all characters, 

though, the cross mish mash TS-18 x TR-5, TS-17 x TR-13, TS- 335 x TR-3 and TS-17 x TR-6 

exposed greater specific combining ability effects for achene yield.  



8 
 

 Khan et al. (2008) assessed many inbred lines and their crosses to calculate the heterosis 

and heterobeltiosis about the oil substances and achene yield. The lines and parents were 

statistically highly significant (p<0.01) for moisture factor, harvest contents, yield/hectare and oil 

contents. TS-18 × 291RGI, TS-335 × 291RGI, TS-228 × 291RGI showed the higher heterosis and 

heterobeltiosis for complete traits. On the behalf of average performance, heterosis and 

heterobeltiosis estimations, these lines were declared as best to use in future for the breeding 

procedures.  

Binodh et al. (2008) established thirty hybrids utilizing ten male lines and three female 

lines and crosses were assessed for eight parameters so that gene effect can be understand in 

sunflower crop. The investigation of combining ability exposed mark able dissimilarities between 

the parental lines for all the parameters which were under study demonstrating the manifestation 

of majority of dominance gene effects for total parameters studied. The testers CSFI 5414 and 

CSFI 5014 and female inbred line 234-A depicted higher general combining ability for achene 

yield. Hybrid CSFH 6009 proved best specific combiner for the traits like achene yield, 100 achene 

weight, earliness to days to 50% flowering and head thickness. The cross 234 A × CSFI 5014 

exposed major positive sca possession for achene yield demonstrated additive × additive sort of 

gene effect. The crosses 234 A × CSFI 5418, 851 A × CSFI 5414  and 851 A × CSFI 5434 depicted 

good specific combining ability for majority of the yield constituents and recognized to 

have additive × dominance sort of gene action specified that these could be utilized for 

exploitation of heterosis in sunflower. The inquiry on relationship of sca effects with gca effects 

exposed the prevalence of non-additive gene action viz., dominance × dominance and 

additive × dominance sort of gene associations for majority of the hybrid combinations which 

could be used for heterosis in this crop. 

Hladni et al. (2007) said from major jobs of sunflower breeding one is to develop the inbred 

lines through the interspecific hybridization to obtain the goal of stable and high-yielding hybrids 

that are described the capacity to yield greater number of plants according to per unit area and 

through changed plant look under severe agriculture situations. Study was planned through line x 

tester technique in which three Rf restorers were consumed as testers, seven new deviating CMS 

inbred lines (A-lines) were utilized and 21 F1 crosses were made. Traits under observation depicted 

the significant dissimilarities in the mean values. SCA and GCA values were significantly high 
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acquired for petiole length (PL) and total leaf area per plant (TLA). Both of these traits seemed to 

be inherited from the non-additive constituent of genetic variance. This was proved through 

GCA/SCA ratios for LA and PL in the F1 progeny, which were lower than one. The maximum 

average involvement to the appearance of TLA (57.1%) and PL (49.9%) was were contributed 

from the female lines. The discoveries of this research can be utilized for developing the new high-

yielding hybrids.  

Archana et al. (2008) carried out a field experiment in order to study the genetic structure 

of a hybrid sunflower population, to identify the parents and crosses showing superior general and 

specific combining ability and finally to evaluate F1 hybrid vigour. Fifty four hybrids were created 

using 6 CMS and 9 restorer lines in sunflower (Helianthus annus L.) The resultant 54 hybrids were 

evaluated along with their parents with three standard checks. The ratio of GCA to SCA variance 

were found lower than unity which indicated the preponderance of non-additive gene actions for 

the characters viz. Days to 50% flowering, Days to maturity, plant height, head diameter, seed 

filling percentage, 100 seed weight and seed yield per plant. The gca effects of the parents in Rabi 

pooled analysis revealed that among the, lines AKSF-10-1-1A, CMS-234A and among the testers 

RHA138-2R, 856-R AK-1R and GMU--830 were found to be promising general combiners for 

seed yield and yield component characters. Based on significant sca effects in pooled analysis, five 

hybrids viz., CMS-302A X 856-R, CMS-234A X RHA-138-2R, CMS-607A X RHA-138-2R, 

CMS-607A X 856-R and CMS 302A X AK-1R were identified as promising for seed yield and 

other yield contributing characters.  

Khan et al. (2009) performed research by four testers and four lines in line × tester fashion 

in sunflower crop to measure four characters. The variance caused by SCA and GCA exhibited 

that gene action was primarily additive days to hundred percent flowering (DH%F), for days to 

first flowering (DFF) and plant height (PH), however days to maturity (DM) depicted the 

preponderance of non-additive genetic effect. Mutually additive and non-additive genetic relation 

was main for morpho-physiological parameters in this crop. The CMS line TS-18 for the traits like 

PH and DFF and TS-17 for DM and DH%F proved the good general combiners. The restorer R-

25 demonstrated to be the good general combiner for DH%F, DFF, and DM however the sime 

males confirmed as the good general combiner for PH. The SCA evaluations were maximum in 

cross TS-18 x R-25 for DH%F and DM and TS-335 x TR-9 for DFF. TS-18 x 291RGI depicted 
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best SCA for PH. The finest GCA parents as TS-18, TS-17, R-25 and 291RGI are advised, which 

may be browbeaten for varietal progress in diverse cross blend above all in synthetic construction, 

however the three good SCA crosses are advised to be the best hybrids for cultivation and be 

embraced in the national consistency yield trial for its analysis in multi-location. Additive sort of 

gene act was perceived for DH%F, DFF and PH. These parameters may in advance be amended 

by simple selection technique in early generation, while non-additive sort of gene action was 

detected for DM, which is wanted for heterosis breeding and may be exploited in hybrid seed 

production. 

Mohanasundaram et al., (2010) completed an experimentation to find out the combining 

ability by using 24 lines and 2 testers for yield related traits in sunflower.  Results exposed the 

prevalence of non- additive action for all considered parameters which were days to 50 % 

flowering, maturity days, height, diameter of head, thousand seed weight and yield / plant.  They 

recommended line 27 and line 436 along with tester 234 best parents for their positive GCA value 

for yield. While the crosses 234 x 436, 234 x 440 and 234 x 235 showed positive SCA value for 

yield. 

Tan (2010) a study was conducted to estimate the combining ability in 5 lines and 4 testers 

of sunflower for different characters which were  yield, thousand seed weight,  flowering days, 

physiological maturity, height, diameter of head, , oil and protein content, fatty acid profile, length 

and width of seed. He estimated both GCA and SCA during two seasons of crop production. He 

observed that variances of combining ability were showing significant results for all traits.  He 

concluded that both additive and no-additive actions were responsible for yield, thousand seed 

weight and diameter of stem. GCA was found significant for almost all parameters while SCA was 

non- significant for few characters. 

Ghaffari et al. (2011) calculated components of genetic variance and combining ability in 

sunflower by using line × tester method. 6 restorer lines along with 4 CMS testers used in this 

experiment. They reported significant differences for all studied attributes except diameter of head. 

High variance of CMS was greater as compared to restorer showed presence of maternal effects 

for two characters which were seed yield and oil contents. Dominant effects were observed for 

yield while was controlled by additive actions. They recommended line R21 as best line and could 

be used for future breeding program.   
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Hladni et al. (2011) used four interspecies populations, originating from three annual and 

one perennial wild species, to produce 13 new (cms) inbred lines with cytoplasmic male sterility, 

three Rf restorer lines with good general combining ability used as testers and their F1 hybrids. A 

two-year trial with three replicates was set up using the line × tester method. The inbred A-lines, 

Rf-testers and F1 hybrids differed significantly in the mean values for both studied traits. The mode 

of inheritance for leaf area was dominance and super dominance of the better parent and for plant 

height it was super dominance of the better parent. Highly significant positive values of general 

combining ability for both traits were found in inbred lines NS-G-7, NS-G-8, NS-G-9. The greatest 

highly significant positive specific combining ability value was found in NS-G-6 × RUS-Rf-OL-

168 for the total leaf area per plant and in NS-G-6 × RHA-N-49 for plant height. The non-additive 

gene effect had greater influence on both traits. A significant heterotic effect was found for both 

traits in relation to the parental average so as in relation to the better parent. 

Nasreen et al. (2011) evaluated 36 hybrids for yield and related attributes. These hybrids 

were raised by crossing six CMS and 6 restorer by using line × testers method. Data on following 

traits was recorded during experiment diameter of head, thousand seed weight, yield/ acre, harvest 

index and leaf area. Results showed that variation was present in all hybrids for all selected 

parameters. Cross CMS-H55-2-1 x C-207R showed maximum heterosis for yield as compared to 

all crosses.  They further concluded that distance between parents responsible for high yield in 

hybrids. This information could be used for future breeding program. 

Machikowa et al. (2011) crossed 7 lines of sunflower to check the combining ability for 

different characters including yield/ plant, diameter of head, thousand seed weight, height and oil 

%. Main aim of their study was to select the best parents that could be used to develop high yielding 

hybrids in future. Experimental material was sown under RCBD using three replications. Their 

results showed that GCA was significant for diameter of head while SCA was significant for height 

and thousand seed weight. They finally concluded that GCA variance was high as compared to 

SCA for these characters which indicates the presence of additive action. They recommended two 

line named 2a and 5a as best parents with greater potential for yield.  

Ahmad et al. (2012) assessed 50 hybrids of sunflower along with their parental material to 

estimate combining ability for different characters under RCBD. Results give significant 

difference for all parameters among all genotypes includes in studies. Variation was checked for 

traits including flowering days, days to maturity, height, internodel length, Area of leaf, diameter 
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of head, stem length, weight of 100 achene, yield / plant. They recommended A-1, A-7 and 39 as 

best combiners for flowering days, maturity days, internodel length, and yield / plant.  Crosses 

including A-164 × A-27, A-42 × A-34, A-1 × G-12, and A-42 × HBPS-1 gives positive SCA for 

achene %, no. of achene/ plant and 100 achene weight. 

Tabrizi et al. (2012) predicted combining ability and genetic effects in sunflower for 

various parameters. Crossed were made according to line ×tester method. Experimental material 

was sown under RCBD in 3 replications.  Data on height, diameter of head, days to initiate 

flowering, maturity days, and diameter of stem was recorded.  They concluded that additive action 

was responsible in controlling all these attributes. While dominance effect was for days to 

flowering. They recommended line 52 and tester R50 as best combiner for yield.  Cross of R50 × 

222 gives positive SCA for these traits. 

Sarwar et al. (2013) executed a trial to evaluate different hybrids of sunflower for yield 

and associated traits. They used 12 hybrids namely,  G-101, DK-4040, , S-278 , Hysun-33 FH-37, 

Ausigold-62, FSS-50  NX- 00989 SF-187,, NX-00997, Ausigold-61  and XIYU-12 I their 

experiment. Results showed significant differences for all attributes included in studies. They 

reported that greater height and achene /head was showed by hysun 33. While for yield and other 

attributes like leaf area, diameter of head and 100-achene weight SF-187 was recommended as 

best hybrids compared to all other hybrids. 

Asif et al. (2013) conducted a research on Line × tester analysis of 45 hybrids in sunflower 

using three CMS lines and 15 testers to study the combining ability for seed yield and its 

contributing traits in sunflower (Helianthus annuus L.). The result revealed that, variance due to 

SCA was greater than GCA for all the traits except stem diameter and 100-seed weight, which 

indicated preponderance of non-additive gene action for all traits, while additive gene action for 

stem diameter and 100-seed weight. Line CMS 54A was a good general combiner for early 

flowering, early maturity, plant height, test weight and seed yield while CMS 56A was a good 

general combiner for hull content and oil content. The testers RHA 93 and RHA 115R transmitted 

allele with additive effects for seed. RHA 6D5-3-5 was good general combiner for early flowering 

and early maturity, while RHA 95C-1 was good general combiner for oil content. In lines CMS 

54A and CMS 57A and in testers GKVK-1, GKVK-2, RHA 95C-1, RHA 6D-5-3-5, RHA-272-II, 

RHA 275, RHA-298, RHA-115R and RHA-115R possessed favorable alleles for most of the traits. 

Among hybrids CMS 57A × RHA 93 was identified as the best specific combiner for seed yield, 
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head and stem diameter. CMS 56A × RHA 6D-5-3-5 was the best specific combination for early 

flowering and early maturity.  

Kang et al. (2013) established the experiment in L×T crossing method comprised of four 

testers and nine lines and thirty six hybrids out of them were sown in the field during 2011 in 

RCBD design and three times replicated them. Genetic variability, specific and general combining 

abilities among different genotypes were evaluated under research farm of department of plant 

breeding and genetics, university of agriculture, Faisalabad Pakistan. GCA was highly significant 

in the Line G-93, and G-79 for days to flowering, internodal length, days to maturity, thickness of 

head, %age of filled achenes, 100 achene weight and achene yield /plant but they exhibited best 

overall combiner. Between different testers A-85 had extremely significant GCA effects for the 

days of flowering and days of maturity, achene yield per plant and 100 achene weight however A-

5 expressed a good general combiner for days to flowering, days to maturity, internodel length, oil 

content and achene per plant. The cross G-65×A-85 depicted the greatest amount of SCA effect 

for days to 50% flowering and days to maturity, 100 achene weight, head thickness and achene 

yield per plant. 

Andarkhor et al. (2013) found combining ability and heritability of yield and associated 

attributes in different hybrids of sunflower. ANOVA showed significant differences for all studied 

parameters among all hybrids comprising length of seed, width, thickness and yield. All hybrids 

showed significant differences for all attributes excluding seed thickness.  RF81-30 and AF80-

427/2/1 were recommended as best combiners for seed length and width and had potential for 

improvement in these characters.  Cross AF-6938 *RF81-31 had positive SCA effects for width 

and yield. They described presence of non-additive effects due to low narrow sense heritability for 

all parameters. 

Ciric et al. (2012) evaluated 8 lines and 3 testers by crossing them in all possible 

combinations to estimate combining ability, results showed significant differences anong parents 

and theis hybrids. They reported that flowering days, height and diameter of head were significant 

attributes. Lines including PD-3 and PD-25 showed positive GCA for flowering days. Pd-2 and 3 

were selected for plant height. These lines were recommended as best combiners for mentioned 

traits. SCA variance was found greater than GCA indicating the presence of non -additive effects 

in controlling characters. 
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Din et al. (2014) performed an experiment to find the genetic variation in different 

accessions of sunflower by using line × Testers method.  They planted 16 hybrids along with their 

parents under RCBD by using three replications.  They further estimated combining ability for 

days to initiate flowering, maturity days, Height, thickness of head and seed yield /plant. GCA and 

SCA effects for interaction were found significant for all studied parameters. They observed 

presence of additive action due to high GCA variance as compared to SCA variance. They 

recommended line HA-54 and tester, RHP-71 as best combiners as compared to all other parents 

for almost all parameters. Crosses HA-99 x RHP-76 and CMS HA-101 x RHP-73 were 

recommended as the best specific combiners for head and achene yield. 

Andarkhor et al. (2014) evaluated 48 hybrids along with 2 checks and parents to estimate 

combining ability for different traits by using three replications. ANOVA showed significant 

results for all studied parameters. All accessions were different from one another for all characters 

which were height, diameter of head, yield, and thousand seed weight. They recommended testers   

RF81-24 and RF82-30 as best combiners for yield and thousand achene weight while the RF-131 

was found with negative GCA for height of plant. Lines including AF80-487/1/2/1 and 

AF80487/2/1/1 were recommended as best combiner for grain yield. Crosses including AF80-

461/2/1/1 x RF81-24 and AF8-6938 x RF82-30 were found best for yield.  

Gejli et al. (2014) performed an experiment to assess 90 different hybrids of sunflower to 

check the combining ability for dwarfness and also the heterosis for different attributes which were 

plant height and yield related parameters. They recommended line CMS-107 and R-411 among 

testers as best combiners for dawarfness and other characters. They found crosses CMS-104 × 

RHA-287 and CMS-131 × R-186 with greater SCA effects as compared to all other crosses for 

selected traits. Cross CMS-105 × R-186 showed heterobiltosis for height and yield/plant. 

Hladni et al. (2014) used four interspecies populations, originating from three annual and 

one perennial wild species, to produce 13 new (cms) inbred lines with cytoplasmic male sterility, 

three Rf restorer lines with good general combining ability used as testers and their F1 hybrids. A 

two-year trial with three replicates was set up using the line × tester method. The inbred A-

lines, Rf-testers and F1 hybrids differed significantly in the mean values for both studied traits. The 

mode of inheritance for leaf area was dominance and super dominance of the better parent and for 

plant height it was super dominance of the better parent. Highly significant positive values of 

general combining ability for both traits were found in inbred lines NS-G-7, NS-G-8, NS-G-9. The 
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greatest highly significant positive specific combining ability value was found in NS-G-6 × RUS-

Rf-OL-168 for the total leaf area per plant and in NS-G-6 × RHA-N-49 for plant height. The non-

additive gene effect had greater influence on both traits. A significant heterotic effect was found 

for both traits in relation to the parental average so as in relation to the better parent. 

Qamar et al. (2015) carried a study in University of Agriculture, Faisalabad to find out the 

best parents for yield and oil related traits which could be used in the hybrid development. Data 

for the following traits were taken such as plant emergence, plant stature, head diameter, 100-

achene weight, oil filling etc. Investigation of variance was done to find out the significant changes 

between the lines. Significant dissimilarities were detected between the interactions of lines which 

depicted the reputation of SCA effects. Results showed that SCA was higher than GCA effects. 

GCA effects showed that G2 was best to be used in producing the high yielding hybrid. The line 

G100 showed the negative GCA effect for height of plant which can be further used in the 

development of short stature plants. G9 × G12 and G65×G12 was the cross mixtures that exhibit 

significant SCA effects for majority of the traits considered.  

Memon et al. (2015) developed eighteen F1 hybrids were by crossing 6 female lines by 

These hybrids were evaluated for height of plant, days to flower opening, days to flower maturity, 

leaves of plant, 1000 seed yield, oil contents etc. The trial was carried out in Randomized complete 

block design. For the traits in both parents and F1 hybrids significant differences were shown by 

the use of analysis of variance. Negative heterosis was shown by 3 hybrids HO-1 ×PAC-0306, 

HO-1 × PAC-64-A and PAC-0505 × PAC-0306 for days to flower opening, flower maturity and 

height of plant. While they showed the positive heterosis for number of leaves, head diameter, 

seed yield and for 1000-seed weight. These lines were suggested for advance usage in the breeding 

procedure.  

Imran et al.  (2015) broadly considered sunflower (Helianthus annuus L.) as a crop have 

capacity to mature under several circumstances. Ten CMS lines and three restorers were crossed 

by the utilization of line × tester plan to produce 30 crosses throughout spring. The parental 

material and crosses were planted in field in autumn and data was taken for yield associated 

characters. Investigation of variance exposed significant differences between the lines for all the 

characters under inquiry. Conclusions specified significant differences among hybrids and parents 

for overall characters demonstrating the prevalence of heterosis for some characters. Many crosses 
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exhibited significantly positive SCA effects for achene yield associated characters. Majority of the 

crosses which exhibited the best specific combining ability effects for several characters comprises 

either one or both of the parents with good GCA effects for example, a cross was good for head 

thickness and whorls per head, one for leaves per plant and area of leaf. The parent A-37which 

was utilized as a tester in the study, nearly perform best in all hybrid combinations. 

Encheva et al. (2015) concluded Bulgarian male sterile line cms807 and mutant fertility 

restorer line 278 R as best combination. Father line was developed by dealing of undeveloped 

zygotic embryo of restorer line 381 R with ultra-sonic. Hybrid developed with the participation of 

line 278 R considerably exceeded the mean standard by seed yield. Seed yield of hybrid 

combination was significantly higher in comparison to mean standard San Luka and LG-5635 with 

71 kg/da, or 19.1%, and oil yield with 59 kg/ha, or 141.8%. In study 4 of 8 parameters documented 

significant and positive heterotic value in the path of both relative to better parent (h2) and parental 

average (h1). In h1 the difference was from 120. 2% to 212.7%; in h2 the difference was inside 

111.9% to 132.9%. Maximum amount of heterosis was detected at seed yield/plant in association 

with parental average, tracked by head thickness in association with better parent. Dearth of 

heterotic consequence was established for traits 1000 achene-weight, seed length, seed width and 

seed thickness in relation of parental average and to better parent. At the base of calculated 

coefficients it can be concluded a dominant model of inheritance of the studied traits such as  height 

of plant, thickness of head, number of seeds/head and achene yield per plant, in the direction of 

parental average and to superior parent. Instead higher achene yield new hybrid combination 

concurrently owning great resistance to different disesases.  

Kanwal et al. (2015) performed two experiment to estimate the yield of achene in different 

hybrids of sunflower. They crossed 7 lines and 6 testers in all combinations using line × tester 

method. Their results showed that cross A-18 × G-79 was early maturing as compared to all other 

hybrids for height, diameter of head. Variance due to addictiveness was found higher as compared 

to variance due to dominance for above mentioned attributes.  They further revealed that this 

information could be used in future breeding program to exploit the potential of this hybrid in semi 

-arid regions of Pakistan. 

Faridi et al. (2015) executed an experimentation to find the combining ability by crossing 

10 lines and 5 testers of sunflower. Their results showed significant difference among all 
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accessions for all parameters.  Lines including lines C3.42, A12.2, C2.23 ,A2.24, C2.18 ,A2.24 

,A2.26 and A12.19  showed positive GCA for leaf area, no. of leaves, diameter of stem, yield/ 

plant, hundred achene weight and  yield / plot. They concluded that for plant height best cross was 

C3.15 × A7.25 34 × C3.1 for no. of leaves/ plant, A6.4 × A12.3 for diameter of stem, A12.1 × 

A7.25 for yield /plant, 36 × C2.29 for 100 achene weight and A12.1 × A7.26 for yield/ plot. 

Shinde et al., (2016) a study was conducted by crossing five lines and 10 testers for 

estimation of combining ability for yield and related attributes. Their conclusions depicted 

prevalence of non-additive action for recorded parameters which were days to flowering, maturity 

days, height of plant, diameter of head, no. of seeds / head, 1000 achene weight, yield /plant and 

volume weight. Lines including CMS-147 and CMS-608 and testers SVR-468, SVR-480 and 

SVR-491 were recommended as superior general combiner for yield /plant. Among crosses CMS-

108 x SVR-472, CMS-379 x SVR-444 and CMS-352 x SVR-495 were recommended as superior 

specific combiner for above mentioned trait. 

Rathi et al. (2016) crossed five lines and ten testers in a line x tester plan during Rabi 2014. 

Parental material and their fifty crosses were assessed in randomized block design with three 

replications in kharif. The intentions of this inquiry was to conclude combining ability of male and 

female lines with the help of line x tester inquiry for rising satisfying sunflower hybrids. 

Considerable and significant genetic changes were detected for the relations of male and female 

lines indicating the reputation of specific combining ability effects. Among the parents, three lines 

(CMS 137-12A, AKSF-10-1A and AKSF-6-1A) and three testers (RHA 138–2 R, 856 R and 

AKSF-14 R) were proved to be good general combiners for seed yield per plant and for majority 

of the yield contributing parameters, whereas CMS 137-12A, AKSF-6-1A and 3/147 R also 

showed same results. Highly significant specific combining ability effects for achene yield per 

plant along with most of the yield contributing traits were recorded by AKSF-10-1A x MRHA-

1R, PET-89-1A x 298R and PET-89-1A x AK-1R crosses. On the basis of mean performance, 

SCA effects of crosses and GCA effects of the parents, five hybrids viz., AKSF-10-1A X MRHA-

1R, PET 89-1A X 298R, PET-89-1A x AK-1R, CMS- 607A X AK-1R and CMS 137-12A x 

MRHA-1R are identified as promising crosses for further commercial exploitation.  

Azad et al. (2016) crossed 4 CMS lines and 4 restorer by using line × tester method to 

illustrate the information based on combining ability for different parameters concluding yield and 

related traits and to confirm the nature of gene action involved in quantitative traits inheritance. 
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Line HA-03 and HA-54 had positive GCA for all attributes and were recommended as best 

combiners. Similarly, tester RHP-73 was found good combiner with po sitive GCA for almost all 

traits. Among crosses HA-111 × RHP-71 and HA-03 × RHP- 76 showed valuable SCA and 

recommended as best specific combiner. 

Nasreen et al. (2016) six selected testers/restorers and six female inbred lines on the basis 

of variability for yield related characters. Crossing between lines and testers was done in a line x 

tester plan resulting in 36 F1 crosses. The potential parents with high general combining ability 

(GCA) effects were identified in lieu of yield related traits. Among females, CMS-H55-2-2-1 

expressed the highest significant GCA effects for 1000- seed weight whereas female, CMS-303 

represented the highest and significant GCA estimates for head diameter, yield and harvest index. 

Among male parents, RHA-295 expressed the highest significant magnitude for head diameter 

while SF-187R possessed the highest significant GCA effects for 1000-seed weight, harvest index 

and moisture contents. Among male parents, the highest significant value for yield was observed 

in RHA-854. The potential parent lines with highest GCA estimates can be utilized in different 

desirable combinations for varietal improvement through breeding programme. The cross of CMS-

303 x RHA-271 expressed the highest specific combining ability (SCA) value for yield while CMS 

303 x RHA-854 hybrid exhibited the highest SCA estimates for harvest index. CMS-53 x RHA-

854 and CMS-64 x SF-187 crosses exhibited the highest SCA estimates for head diameter and 

1000-seed weight, respectively. The GCA variances were lower than SCA for seed yield and 

related traits revealing the contribution of non-additive form of gene action governing the 

characters. Estimates of relative influence of inbred lines, testers and their collaboration to total 

variances for seed yield and interrelated characters indicated the highest influence of lines x testers 

in inheritance of all characters except harvest index where the contribution of lines was higher than 

testers and line x testers. Non additive sort of gene act can be employed in a hybrid progress 

programme over and done with heterosis breeding in sunflower. 

Zia et al. (2016) conducted a study to estimate the extent of heterosis and inheritance of 

different morphological traits in 32 sunflower hybrids developed at the Department of Plant 

Breeding and Genetics, University of Agriculture Faisalabad. The experiment was arranged using 

randomized complete block design (RCBD) in three replications. Plant height, head diameter, 100-

achene weight, percent filled achenes and achene yield per plant were recorded in spring and 

autumn seasons. Non-additive type of gene action was important in the inheritance of plant height, 
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head diameter, 100-achene weight and percent filled achenes while in case of achene yield per 

plant additive effects were more important. High magnitude of heterosis was observed for all the 

traits under study. None of the crosses were consistent in heterosis for all the traits. However, for 

achene yield, the cross combinations G40 × L31 (60.42) and A12 × HBRS-5 (48.02) showed 

significantly higher values of heterosis over Hysun-33 which is the highest yielding hybrid being 

used commercially. Majority of the hybrids displayed very low to negative heterosis for plant 

height during autumn. Larger heads with bolder seeds and minimum number of unfilled achenes 

were recorded for majority of hybrids during spring season compared with autumn season.  

Ahmad et al. (2017) done evaluation of F1 hybrids. The material consisted of 10 

cytoplasmically male sterile lines (CMS) viz; CMS-300, CMS-341, CMS-383, CMS-303, CMS-

320, CMS-382, CMS- 853, CMS-337, CMS-372, CMS-352 and 13 testers viz; R-368, R-346, R-

274, R-344, R-266, R-365, R-374, R- 388, HAR4, R-311, R-373, R-G1G1, R-356. These lines 

were randomly crossed to obtain the F1 crosses and were sowed in randomized complete block 

design with three replications in spring 2002. Documentation was done for plant height, leaf area, 

plant maturity, yield (kg/ha) and seeds head-1.  Highly significant differences were recorded 

between the hybrids for all the traits. Among the hybrids, CMS-341 × R-255 exhibited the highest 

values for seeds head-1 and yield, while CMS-373 × R-346 had higher plant height whereas, CMS-

382 × R-344 had greater leaf area. The hybrids CMS-341 × R-266, CMS-372 × R-374, CMS-372 

× R-374 and CMS-341 × R-373 among 23 hybrids appeared best for yield and is therefore, 

recommended for future breeding plans for further progress. 

Khalid et al. (2017) utilized plant materials by L×T mating design of three testers and seven 

female lines and their twenty one crosses were seeded in field with three replications in RCBD 

design. Genetic variability, GCA and SCA between the genotypes was evaluated in the research 

farm of University of Agriculture, Faisalabad, Pakistan. The lines A-12, A-2.2 and tester G-53 

were proved Good general combining ability for days to flowering, number of leaves per plant, 

height of plant, stem thickness, seed yield per head and 100 achene weight were depicted by many 

inbred lines. Some crosses performed best as a good specific combiners for yield linked traits. 

Investigation of variance showed the significant results for all the characters measured (p ≥ 0.01- 

0.05). 
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Kulkarni and Supriya (2017) said that chief progress needs heterotic hybrids in sunflower 

breeding programs which can be accomplished by beating combining ability of F1 hybrids 

established from mating of two genetically dissimilar male lines with female lines. In the present 

study, 56 hybrids were evaluated derived from four females and fourteen male lines crosses in a 

line × tester fashion. The investigation of variance exposed existence of extremely significant 

differences (p=0.05) between accessions, parents and parents vs crosses representing the 

occurrence of heterosis for quantitative characters in sunflower crop. The parental lines CMS-A6 

and CMS-A2 and testers DOR-R3 and R-1F demonstrated to be good combiners containing the 

maximum positive General Combing Ability (GCA) effects for yield (5.491**) and yield 

constituents traits and negative effect for height of plant (-15.71**) and days to 50% flowering (-

1.482**). The crosses CMS-A5 x R-103, CMS-A6 x R-103, CMS-A6 x R-7 and CMS-A1 x RGM-

49 are promising hybrid combinations for seed yield as indicated by significant Specific Combing 

Ability (SCA) effects. These identified four hybrids can be taken to multi-location trials for further 

evaluation. 

Jarwar et al. (2017) conducted research in Line X tester analysis for estimating combining 

ability and heterotic effects, restorers male-sterile (CMS) crossed with seven tester and three lines 

and 21 hybrids of sunflower were additionally utilized to assess their general combining ability ( 

GCS), specific combining ability ( SCA) and heterotic effects on main traits of sunflower during 

2009. It was concluded from present study that among the lines, 0505 Cms-6, Peshawer-93 Cms-

11, Peshawar-93 Cms-12 were the best general combiners to play the vital role in maturity of 

flowering, height of plant, head thickness, seed index, grain per head and 100-grain yield per plant. 

While RHP-53, RHP-42, RHP-46 were also the best combiners for all the traits. However, hybrid 

54CMS-1 x RHP-42 showed best specific combiners, while Peshawer-93 exhibited as good 

specific combiners for grain yield per plant, the hybrids, height of plant, head thickness, seed index, 

grain per head and grain yield/plant, respectively. Significant differences among the tested 

sunflower genotypes with regard to average values of all the investigated parameters were 

determined. The investigation of variance of combining abilities and the investigation of genetic 

variance constituents confirmed the non-additive component. 

Rameeh and Andarkhor (2017) carried out a trial to estimate the combining ability in 8 

CMS lines and 6 restorers by utilization of line × tester plan to exploit the potential of germplasm.  
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Their results revealed that both lines and testers were significantly different for all traits excluding 

seed/ head. Lines LA2 and 7 were found best combiners for yield and related attributes while 

among testers RF1 and 6 were found best combiner for above mentioned traits. Among crosses 

LA7 × RF6 showed positive SCA for seed yield. Non-additve effects were found more important 

by estimating degree of dominance which showed that hybrid development program will be 

beneficial. 

Depar et al. (2017) attempted the crosses in line x tester mating design during 2008. Three 

testers and six A- lines were crossed according to the line x tester plan. Therefore 18 F1 crosses 

were produced for assessment of heterotic values for stem girth, days to 50% flowering, head 

thickness, 1000-achene weight and achene yield kg ha-1. The trial was ploted in a Randomized 

Complete Block Design (RCBD) by means of four replications. The investigation of variance 

exposed significant differences between genotypes, parental material, F1s and parents vs. crosses 

for all these characters. Some of the crosses of F1 exposed extremely desired negative 

heterobeltiosis of -24.11% for days to 50% flowering; one hybrid elucidated a extremely desirable 

better parent heterosis of 32.55% for stem girth; ARG-0505 x RHP-46 demonstrated a highest 

heterobeltiotic effects of 43.80% for head diameter; 64-A-93 x RHP-46 exhibited a maximum high 

parent heterosis of 28.80% for 1000-seed weight and 32.87% for seed yield. These hybrids 

therefore are suitable for hybrid crop development. Results further revealed that if two parents 

with good performance involved in crosses expressed high heterosis, that heterosis was due to 

additive genes, while if one good and one poor performing parent manifested high heterotic effects, 

that heterosis was due to complementary genes, and if both poor performing parents manifested 

high heterosis, such heterotic effects were due to dominant genes. 

Conclusion:  

This review gives us the information how the gene effects contribute towards yield contributing 

traits. Mostly scientist revealed the significant differences among the genotypes. Further scientist 

said that the traits were controlled by non-additive gene action and additive genes were 

contributing less toward the yield related traits. To know the genetic variability we can use 

heterosis efficiently and then good combiners must be there for the use of heterosis and it is only 

possible when the genetic base is not narrow. We can also use different lines which were 

performing well in the improvement of our genotypes to attain the high yield but there are many 
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contradictions in the literature so firstly it is necessary to view literature for the further breeding 

procedures.  
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